. Strongest risks were observed within 1 year of VTE diagnosis, but risks were elevated more than 6 years after VTE for colon cancer (OR ¼ 1.24; 95% CI, 1.12-1.37), pancreatic cancer (OR ¼ 1.33; 95% CI, 1.15-1.54), and myeloma (OR ¼ 1.35; 95% CI, 1.10-1.66). Few differences in risk were observed by VTE subtype. Cancers of the lung, stomach, and pancreas were more likely to have distant metastases within one year after VTE.
Introduction
Venous thromboembolism (VTE) involves obstruction of blood flow caused by the presence of clots and includes pulmonary emboli and both deep venous thromboses (DVT) and superficial venous thromboses (SVT). VTE affects nearly 500,000 individuals each year (1, 2) . The incidence of VTE increases steeply with age, with rates of 450 to 600 cases per 100,000 person-years among individuals >65 years of age (3, 4) . Furthermore, VTE risk is 4-to 6-fold higher in individuals diagnosed and treated for cancer (5, 6) . VTE also contributes significant morbidity and mortality among patients with cancer, with VTE detected within 1 year before cancer diagnosis being associated with advanced stage and poorer posttreatment survival (7) .
Although much work has focused on understanding the sources of VTE and its management (1, 5, (7) (8) (9) (10) , only a handful of studies have assessed the association of VTE with the subsequent development of malignancies. Population and hospital-based studies have demonstrated a strong risk of cancer within a very short follow-up time interval after VTE (typically less than 1 year; refs. [11] [12] [13] [14] [15] . Interestingly, prior studies show that those individuals with a longer follow-up time of 2 or more years after VTE also have elevated risk for certain malignancies such as cancers of the digestive tract, ovarian cancer, and lymphomas (11, 14, 16, 17) . These associations seem to be similar across VTE subtypes of pulmonary embolism, DVT, and SVT (18) .
Individuals older than 65 years have a disproportionately high burden of both cancer and VTE. We therefore, investigated the relationship of VTE with subsequent development of cancer in a large case-control study of elderly adults in the United States using data from cancer registries and Medicare claims files. The large number of cancer cases and controls in this study afforded us the opportunity to assess the relationship of VTE overall and subtypes of VTE with a wide range of solid-organ and hematologic malignancies.
Materials and Methods
The National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program comprises population-based state and metropolitan cancer registries that ascertain cancers occurring in approximately 26% of the U.S. population (19) . Medicare is a federally funded program that provides health insurance for 97% of the U.S. population ages older than 65 years. All Medicare beneficiaries are entitled to coverage for inpatient care (Part A), and most purchase additional coverage for physician and outpatient services (Part B). The SEER-Medicare data set was created by electronically linking SEER and Medicare data (19) . The resulting match links 94% of SEER cancer cases ages 65 years and older to Medicare data. In addition, data are available for a 5% random sample of Medicare beneficiaries living in SEER regions. The SEER-Medicare dataset contains demographic and clinical information, and Medicare claims data (Part A beginning in 1986, Part B beginning in 1991) on these individuals.
The current study is a population-based case-control study derived from the SEER-Medicare data, as previously described (20) . Cases were defined as individuals with first cancers identified in SEER, ages 66 to 99 years between the years 1992 to 2005. Cases identified solely at autopsy or by death certificates were excluded. Cases also were required to have at least 13 months of Part A and Part B Medicare coverage, during which they were not enrolled in a health maintenance organization (HMO), before diagnosis. Cancers were categorized based on the SEER program "site recode with Kaposi sarcoma and mesothelioma," which we modified to collapse some rare categories. Non-Hodgkin lymphoma (NHL) was classified based on the World Health Organization scheme and included chronic lymphocytic leukemia (21) . Controls (N ¼ 200,000) were selected from the 5% random sample of Medicare beneficiaries living in SEER areas and were frequency-matched to cases by sex, age (66-69, 70-74, 75-79, 80-84, and 85-99 years), and calendar year of selection. As of July 1 of the calendar year of selection, controls were alive, cancer-free, and had at least 13 months of Part A, Part B, and non-HMO Medicare coverage. Controls could have been selected multiple times in different calendar years or could later have become a case.
The first recorded VTE was assessed using Medicare claims in hospital, outpatient, and provider files. We defined VTE based on International Classification of Diseases, 9th revision (ICD-9) codes for pulmonary embolism (415.1), DVT Unconditional logistic regression models were used to estimate ORs and 95% confidence intervals (CI), comparing the prevalence of VTE in cases and controls. Given the incidence density sampling of cases and controls from the Medicare cohort, the odds ratios calculated in this study can be interpreted as estimates of relative risk. We accounted for the repeated sampling of controls and the fact that some controls later became cases in the variance calculation (20) . All analyses were adjusted for sex, age, and calendar year of diagnosis/selection. Given the large number of cancer types assessed in this study, a conservative Bonferroni P value of <0.001 was used as the cut-off for statistical significance.
For cancers that were associated with VTE, we created additional models to evaluate the strength of the association with cancer in different latency intervals after VTE (<1, 1-2.5, 2.6-4.0, 4.1-6, and >6 years). The interaction of VTE and cancer risk across latency intervals was assessed by including a product term in the logistic regression model. We also fit logistic regression models to evaluate associations for each VTE subtype and used likelihood ratio tests to assess the differential effect of VTE subtypes on cancer risk (i.e., to compare the effects of pulmonary embolism or DVT vs. SVT, or of pulmonary embolism vs. 
Results
The characteristics of cases and controls are presented in Table 1 . The majority of subjects were male, white, and selected between 1999 and 2002. Cases and controls were matched with respect to age, sex, and year of diagnosis/ selection; they differed slightly by race/ethnicity and duration of Medicare coverage.
VTE was observed among 2.5% of cases and 2.2% controls. Overall, VTE was associated with a 15% increased risk of any cancer (OR ¼ 1.15; 95% CI, 1.11-1.20; Table 2 ). Among the 45 solid-organ cancers assessed, 10 were associated with VTE (P < 0.001), including cancers of the lung (OR ¼ We also investigated the association of VTE and cancer risk across different follow-up times (i.e., latency intervals) after VTE (Table 3) . For most cancers, risk was strongest <1 year following VTE and significantly attenuated with longer time intervals (P < 0.001); an exception was melanoma, for which risk did not vary by time In total, 0.7%, 0.4%, 0.1%, and 1.3% of cases and 0.6%, 0.3%, 0.1%, and 1.2% of controls were diagnosed with pulmonary embolism, DVT, SVT, or VTE NOS, respectively. Overall, for most cancers, risk seemed similar following pulmonary embolism and DVT, or for the combination of pulmonary embolism or DVT compared with SVT (Table 4) . NHL and AML were exceptions in that risk was significantly higher following DVT as compared with pulmonary embolism.
The stage distribution of solid-organ cancers in relation to VTE diagnosis is shown in Table 5 . A significantly higher proportion of distant stage diagnoses were observed among individuals with VTE diagnosed <1 year before cancer diagnosis, compared with cases without VTE for cancers of the lung (60.5% vs. 52.9%, P < 0.001), stomach (44.7% vs. 35.5%, P ¼ 0.024), and pancreatic cancer (74.4% vs. 59.7%, P < 0.001).
Discussion
In our case-control study of over 1 million cancer cases of elderly individuals in the United States, we demonstrate a 15% increased risk of any cancer diagnosis associated with a prior diagnosis of VTE. This increased risk was not present for all cancers but instead was restricted to a large and somewhat heterogeneous subgroup of malignancies: cancers of the lung, stomach, small intestine, colon, gallbladder, pancreas, soft tissue, ovary, and kidney/renal pelvis, as well as for melanoma, NHL, myeloma, and AML. The elevated risks were generally stronger in the 1-year period following VTE diagnosis. Nonetheless, the risk of colon cancer, pancreatic cancer, and myeloma remained significantly elevated after more than 6 years of follow-up time.
The strongly elevated risk of cancer less than 1 year after VTE diagnosis observed in this study is consistent with results from prior population-and hospital-based studies (11) (12) (13) (14) (15) . These previous studies have also shown distinct associations with cancers of digestive tract, pancreas, and NHL, as observed in our study. The short-term associations may be because of medical practice patterns in which clinicians search for cancer in people presenting with VTE. Prompted by VTE, screening tests such as colonoscopy or chest and abdominal/pelvic computed tomography scans could lead to diagnosis of previously unsuspected and asymptomatic malignancies.
Because cancer can itself cause VTE, an additional explanation is that VTE is a presenting manifestation of cancer and is diagnosed simultaneously with or slightly before the cancer. Many of the cancers diagnosed concurrently with VTE present at an advanced stage (7, 14) . Indeed, we demonstrated that a larger proportion of lung, stomach, and pancreatic cancers diagnosed within 1 year of VTE presented with distant metastases, compared with when there was no history of VTE. Conversely, several large registry-based studies documented a significantly higher risk of VTE following diagnosis and treatment of these cancer types as well as kidney cancer, ovarian cancer, NHL, and myeloma (5, 6, 22) . Furthermore, a separate study of over 66,000 cancer cases identified a near 2-fold increased risk of VTE associated with distant metastases as compared with a localized malignancy (23) . Mechanistic studies have shown higher concentrations of pro-coagulant factors among individuals diagnosed with cancer (24, 25) . Therefore, the short-term associations of VTE with cancer risk are most likely driven by a combination of enhanced screening for cancer among individuals with VTE (which would lead to detection of early stage cancers) and reverse causation (i.e., cancer causing VTE, with some cases manifesting aggressive biology and advanced stage).
In contrast, the long-term association of VTE with risk of cancer of the digestive tract and hematologic malignancies, for a period of greater than 6 years following VTE, cannot be readily explained by screening or reverse causation. Unlike the short-term associations with cancer risk, these longer-term associations have not been observed consistently in prior studies (11, 14, (16) (17) (18) . Nonetheless, one plausible explanation is that the VTE may be caused by small, slow-growing tumor precursors that exist for extended periods of time. Such precursor tumors may induce procoagulant activity, possibly through production of cytokines and other molecular factors (26) . Of interest, the 3 cancers in our study that were associated with VTE over a long latency period have a prolonged precancerous phase. Specifically, colon cancer is preceded by preneoplastic polyps, pancreatic cancer develops over more than a decade, and myeloma is preceded by monoclonal gammopathy of underdetermined significance (MGUS; refs. [27] [28] [29] . Indeed, an elevated rate of VTE and arterial thrombosis has been reported among those diagnosed with MGUS, which persists for up to 10 years after MGUS diagnosis (30) (31) (32) . Furthermore, elevated serum concentrations of prothrombin fragments 1 and 2 are associated with increased risk of digestive tract cancers (33) . We found very little difference in cancer risk by VTE subtype. This observation is mostly in agreement with a previous study that also assessed VTE subtype-specific associations (18) . However, we observed a higher risk of NHL and AML associated with DVT than pulmonary embolism. While pulmonary embolism is a more severe VTE event that results in higher mortality than DVT, a biologic basis for these differences in cancer risk is unclear. Notably, the otherwise general lack of difference in cancer risk by VTE subtype reinforces the need to consider all VTEs, including SVT, with equal importance as they relate to cancer risk.
This study also has several limitations. First, we lacked information on some risk factors that could confound the observed associations. Smoking and obesity both increase the risk of VTE in general and are identified risk factors for the development of cancers of the lung, stomach, pancreas, colon, and ovary (2, (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . In addition to smoking and obesity, other comorbid conditions that occur at an elevated rate in this elderly population may also play a role as potential confounders. Second, our study was limited to people ages 66 years and older, and we could not ascertain the occurrence of VTE before the age of 65 years. The high prevalence of other cancer risk factors in this elderly Medicare population may explain why the associations observed in our study are weaker than relative risks estimated in other, mostly younger, populations (11, 17) . Third, because information on VTE subtype was based on billing claims submitted by health care providers, rather than a detailed medical record abstraction, there may be some misclassification of VTE subtypes.
This study has several strengths, including the large sample size and population-based selection of cases and controls. Furthermore, because we included a large representative sample of elderly adults, our results are directly relevant to this population, among whom both VTE and cancer are disproportionately common. In addition, the large sample of this study allowed for systematic evaluation across a range of multiple cancer types. However, given the rarity of VTE, some true associations may have failed to reach statistical significance.
The association of VTE with subsequent diagnosis of cancer, as well as the increased mortality of individuals with cancer who were previously diagnosed with VTE, has led to the suggested use of enhanced cancer screening strategies among individuals diagnosed with VTE. This approach may be most relevant for those cancers with an asymptomatic precursor condition and for which we observed associations with VTE over a latency period of several years (i.e., colon and pancreatic cancers, myeloma). A number of prospective and retrospective studies have indeed demonstrated that the use of basic screening strategies such as physical examination, computed tomography scans, or targeted laboratory testing among individuals diagnosed with unprovoked or idiopathic VTE results in early detection of malignancies, particularly those of the pelvis and abdomen (44) (45) (46) . However, a small randomized trial assessing the effect of targeted screening among individuals with VTE showed no increased benefit of early detection on survival (47) . Therefore, cancer screening among individuals with VTE may only increase the lead-time in detecting cancer and may not improve survival among individuals diagnosed early with cancer.
In conclusion, we observed an elevated risk of specific solid-organ and hematologic cancers. The associations were most notable within 1 year following VTE diagnosis, and several cancers were more likely to present with distant metastases when they manifested in this short interval. The elevated risk of 3 cancers (colon and pancreatic cancers, myeloma) was significant at a period of more than 6 years following VTE diagnosis. Our study lends epidemiologic support to the view that cancer is related to the development of VTE. Additional studies are needed to better understand the underlying biologic mechanisms and evaluate the potential clinical role of VTE as an early predictor for the development of cancer.
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